SUMMARY: A comparison of physiological and serological characters of 41 strains of lactobacilli before freeze-drying and after freeze-drying and storage for 6 months showed that freeze-drying did not materially alter these characters.
If there were some degree of selection, or the loss of some enzyme, antigen or other characteristic of organisms during the process of freeze-drying, strains with properties differing from the original would result. Before freeze-drying a collection of strains of lactobacilli (Briggs, Tull, Newland & Briggs, 1955) it was therefore necessary to determine whether freeze-drying did in fact alter the physiological and serological chaTacters of the organisms dried. Elser, Thomas & Steffen (1935) freeze-dried strains of meningococci and gonococci and found them to be unaffected, and Cowan (1951 and Cowan ( ,1954 found that cultures examined by biochemical tests before and after they were dried showed no significant differences. Several authors have also reported the retention of serological properties (Stamp, 1947 ; Flosdorf, 1949 ; Proom & Hemmons, 1949;  Jennens, 1954) .
The physiological and serological properties of the strains of lactobacilli used for the present work had been examined before freeze-drying by Briggs (1953), Wheater (1955 a, b) and Sharpe (1955). This paper reports a comparison of the results of these tests on organisms before freeze-drying and after freezedrying and storage for 6 months. An account of the results of freeze-drying 12 lactobacillus antisera is also included.
METHODS

Strains.
The 41 strains which were tested were representative of all groups and sections described by Briggs (1953). Cultures were dried by Briggs et al. (1955) , who also tested the rates of survival. Tubes were opened after 6 months storage and subcultured into tomato glucose broth (Briggs, 1953) . Four further daily sub-cultures were made and strains were then tested by the methods given below.
Physiologica2 tests
The media and methods used for the following tests were those of Briggs (1953) : production of gas from glucose, gas from citrate and ammonia from arginine ; heat survival ; growth temperatures ; tolerance of NaC1. Carbohydrate fermentation tests (Wheater, 1955a) were done on a few of the strains. Where
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the result obtained differed from those shown by the original strain, the original strain which had been kept in yeast glucose litmus milk +chalk at 4" (Briggs, 1953) was retested.
Serological tests Precipitin tests. HC1 extracts of the strains were tested by ring precipitin tests against grouping sera for lactobacilli and also against homologous type sera when available (Sharpe, 1955) .
Agglutination tests. Washed standard suspensions were tested by tubeagglutination tests against appropriate sera. For comparison, tests were put up concurrently with the original strains which had not been freeze-dried.
When any strains showed-different precipitin fresh tubes of freeze-dried cultures were used for Table 1 shows the results of these tests. Gas from glucose and ammonia from arginine.
RESULTS
Physiological tests
or agglutination reactions, repeat tests.
With one exception in the arginine test the results of the tests on freeze-dried cultures were identical with those given by the organisms before freeze-drying.
Gas from citrate. Four strains gave different reactions to this test after freeze-drying.
Growth temperatures. Of the 41 strains tested, 39 showed the same results at 1 5 ' , 45" and 48' as the original strains. One strain failed to grow a t 15' after drying, and another grew a t 15" after drying, but not before.
Heat survivals, Fifteen freeze-dried strains survived heating for a longer, and two for a shorter, time than the original strains; the remainder gave the same results before and after freeze-drying.
Tolerance of 4, 6 and 8 yo NaC1. Ten strains grew in a higher concentration of salt after freeze-drying than before; 2 strains did not grow in as high a concentration as before drying.
Carbohydrate fermentations. Only two strains of Lactobacillus acidophilus and two of L. bulgaricus were tested; none showed a change in fermentation reactions after drying.
Serological tests Precipitin reactions. Thirty-seven strains showed no change in their precipitin reactions; one strain of L. acidophilus gave a weaker type reaction than the original, but the group reaction was unaltered; three strains did not react with any available sera either before or after freeze-drying.
Agglutination reactions. Table 2 shows that 21 freeze-dried strains reacted to the same titre with the sera as the original strains; 11 strains gave a reaction either one tube higher or one tube lower than the original ones; 4 strains did not react with any of the available sera either before or after freeze-drying; 1 strain showed auto-agglutination with suspensions of both cultures ; 2 freezedried strains showed auto-agglutination, whereas smooth suspensions were + =reaction negative before freeze-drying, positive after freeze-drying.
-=reaction positive before freeze-drying, negative after freeze-drying. . = reaction remained unaltered.
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obtained from the original strains. Fresh tubes of the 2 freeze-dried strains which showed auto-agglutination were subcultured daily into yeast glucose litmus milk for 5 days before being transferred into tomato glucose broth. After this treatment auto-agglutination of the two strains was considerably diminished.
Two strains of Lactobacillw fermenti gave anomalous reactions even after repeated testing. With one strain (F 1) the agglutination titre after drying was much decreased; with the other strain (AH 18B) no agglutination reaction was obtained before drying but it agglutinated to a high titre after drying. HC1 extracts of both strains gave equally strong precipitin reactions before and after drying.
Although the agglutination titres of the freeze-dried and original strains were so similar, it was observed that there was some auto-agglutination with several of the suspensions made from freeze-dried strains. This did not happen with the original strains, suggesting an increased sensitivity to salt. 
Freeze-dried antisera
Immediately after freeze-drying (Briggs et al. 1955 ) and 3-6 months later, twelve freeze-dried lactobacillus antisera were reconstituted and tested by precipitin ring tests against HC1 extracts of lactobacilli. Ten sera were found to have retained their potency and specificity; with one of these sera the potency after 6 months was markedly higher than that of the same serum stored in the liquid form, which had deteriorated. The two other sera showed on reconstitution marked opalescence, which could not be removed by centrifuging and which rendered them unsuitable for precipitin tests. Elser et al, (1935) and Flosdorf (1949) mention the appearance of turbidity in some of their freeze-dried sera on reconstitution, because of lyophobic lipoidal constituents of serum; they overcame the difficulty by double processing with intermediate Seitz filtration.
DISCUSSION
In most cases the physiological reactions were unchanged by freeze-drying. Where a change occurred, it was one of degree rather than entire loss or gain of a distinguishing characteristic. One strain, isolated from pig faeces, produced gas from glucose and ammonia from arginine after freeze-drying, both tests having been negative before. When the original strain was retested, it was found that these tests were now positive when a larger inoculum of an actively growing culture was used. (It was later confirmed serologically that this was a strain of Lactobacillus fermenti.) Similarly, three strains of L. bulgarieus gave growth temperatures and heat survivals typical of that species after but not before freeze-drying, and again retests of the original cultures when they were growing well agreed with those of the freeze-dried strains. It has been noticed that many strains of lactobacilli give better growth after freeze-drying than after storage in yeast glucose litmus milk, and differences noted above were due to poor growth of the strains in the original tests and not to the effect of freeze-drying; actively growing cultures and a good medium are essential for these tests (Briggs, 1958) .
Some slight degree of selection favouring the more resistant cells occurs during the process of freeze-drying. With nearly half the strains there was a slight increase in tolerance of NaCl or in the heat resistance of the organisms.
It was never sufficient to require reclassification of a strain into a different group, but the results of these physical tests show that they must always be used with caution. It has been found that the vitamin B,, requirement of Lactobacillus leichmannii LE 2 was unaltered after freeze-drying and storage for a month (Dr M. E. Gregory, personal communication), which is important in view of the widespread use of these organisms in microbiological assays.
The serological characteristics of the lactobacilli examined were also found to be unaltered by freeze-drying, except that the precipitin type reaction of one freeze-dried strain was somewhat weaker than that of the original strain and two strains gave anomalous agglutination reactions. It is of interest that the culture which gave a weaker precipitin reaction still agglutinated to full titre, and the two cultures which gave irregular agglutination reactions gave identical precipitin reactions before and after drying, indicating, as Sharpe (1955) has already observed, the possibility of more than one type antigen, the presence of which is indicated only by the appropriate test.
The increased sensitivity to salt observed in agglutination suspensions with several of the freeze-dried organisms was also observed by Cowan (1951) with some of his strains when first recovered from the dried state. He suggested 34-2 that this may have been due to agglutination caused by naturally occurring antibodies in the horse serum used for drying the cultures, As lactobacillus antibodies were not detected in any of the batches of horse sera tested for them, such a possibility is unlikely with our strains.
The results of the present work indicate that the lactobacilli tested retained their physiological and serological characters on freeze-drying.
